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(57) ABSTRACT

A modular drill for machining applications includes a central
pilot drill made of cemented carbide and outboard radial
inserts having cutting edges with a diamond surface. Addi-
tionally, the diamond surface associated with the cutting
edges includes indicia identifying each cutting edge, such that
indexing of the inserts is made easier. To ensure the indicia
withstands the harsh machining environment, the indicia is
laser etched onto the diamond surface of the insert.
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MODULAR DRILL WITH DIAMOND
CUTTING EDGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a modular drill with indexable
cutting inserts having diamond cutting edges.

2. Background of the Invention

A modular drill is a drill consisting of interchangeable and
disposable tips mechanically attached to a drill body. FIG. 1
illustrates such a modular drill 10 having a shank 15 extend-
ing along a longitudinal axis 20. The front end 25 of the drill
10 is moved axially along the longitudinal axis 20 such that a
central pilot drill 30 and outboard inserts 35, 40 engage a
workpiece and produce a hole extending therethrough. Typi-
cally, such modular drills have utilized a central pilot drill 30
comprised of cemented carbide and the outboard inserts 35,
40 also comprised of cemented carbide, which may or may
not have coatings thereupon. However, while this configura-
tion may be suitable for some materials, the applicants have
found that such a configuration is undesirable when machin-
ing materials such as fiberglass. In particular, fiberglass mate-
rial tends to build up on the cutting edges of the cemented
carbide inserts and, as a result, their effectiveness for machin-
ing fiberglass is greatly reduced by this and additionally by
abrasive wear. For different reasons, these same inserts are
not suitable for machining titanium. In particular, titanium is
known for its toughness and typical cemented carbide inserts
do not have the properties necessary for machining this mate-
rial. As illustrated in FIG. 1, outboard inserts 35, 40 are
secured within a pocket 45, 50 by hold-down screws 55, 60
and, generally speaking, with attention directed to insert 40,
include three cutting edges 65, 70, 75. Each cutting edge 65,
70, 75 for this particular cutting insert 40, includes, for
example, a first cutting edge segment 65a and a second cut-
ting edge segment 655. The general configuration of insert 40
is known in the industry as a trigon shaped insert. For sim-
plicity, outboard inserts 40 will be discussed with the under-
standing that the same discussion applies to the outboard
insert 35.

The central pilot drill 30 protrudes from the front end 25 of
the drill 10 and is the first portion of the drill 10 to contact the
workpiece. In the past, the outboard inserts 35, 40 were com-
prised entirely of a cemented carbide substrate with coatings
thereupon while the central pilot drill 30 has been comprised
of a similar material. However, this design is not well suited
for machining fiberglass because of abrasive wear and
because the cutting edges of the carbide inserts encounter a
build-up of fiberglass material, thereby, not only dulling the
cutting edge, but furthermore, degrading the quality of
machining capable by the modular drill 10.

Asillustrated in FIG. 1 and with respect to cutting insert 40,
the hold-down screw 60 may be removed such that the out-
board insert 40 may be indexed within the pocket 45 to
present a new cutting edge, whether it be cutting edge 70 or 75
to the workpiece. Once properly indexed within the pocket
50, the hold-down screw 60 may again be tightened to secure
the outboard insert 40 within the pocket 50.

A design is needed to enhance the capability of the modular
drill 10 so that it is capable of effectively machining fiberglass
and/or titanium.

Additionally, it may be difficult to determine whether a
cutting edge 65, 70, 75 has already been used for a machining
operation. Depending upon the insert wear, the insert either
should not be used again or should be used for a limited time.
In the past, typically, the surface of inserts has been marked
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with inkjet print to identify cutting edges and to permit them
to be indexed in a sequence. However, the inkjet printed labels
frequently cannot withstand the harsh operating conditions
experienced by the cutting insert and, under these circum-
stances. The inkjet printed label wears off such that it is no
longer visible. Therefore, a design is needed to label the top
surface of the cutting inserts 35, 40 such that not only can each
label withstand the harsh conditions during a machining
operation, but furthermore, each label will retain its visibility
such that, after a machining operation, the cutting insert may
be easily indexed based upon the pre-existing indicia on the
face of the insert.

SUMMARY OF THE INVENTION

A modular drill for machining applications has a generally
cylindrical body with peripheral walls about a central longi-
tudinal axis and with an upper end. The modular drill com-
prises a centrally located pilot drill protruding from the upper
end along the longitudinal axis; at least two cutting inserts.
Each cutting insert has a top surface, a bottom surface and a
plurality of sides therebetween with a cutting edge defined at
the intersection of the top and side surfaces. A cutting edge
from each insert extends axially from the upper end of the
body and is operative to engage a workpiece, and wherein
each operative cutting edge extends in a radial direction such
that, when viewed along the central axis toward the upper end,
the operative cutting edges combine to completely overlap
the radial distance extending from the pilot drill to the periph-
eral walls. The pilot drill is made of a non-diamond, and
wherein the operative cutting edge of each of the cutting
inserts has a diamond surface.

A method of machining GFRP (glass fiber reinforced plas-
tics) or fiberglass workpiece materials is also described. The
method uses a modular drill as just described. The method
comprises the steps of positioning the modular drill adjacent
to the fiberglass workpiece, and advancing the modular drill
into the workpiece to the desired depth. The same method
steps may be utilized for a method of machining titanium.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1, which is prior art, illustrates a perspective view of
a modular drill;

FIG. 2 illustrates a perspective view of a modular drill in
accordance with the subject invention;

FIGS. 3 and 4 illustrate an end view and a side view of the
modular drill found in FIG. 2;

FIG. 5 is a perspective view of an insert for the modular
drill in accordance with the subject invention;

FIG. 6 is a top view of the cutting insert illustrated in FIG.

5;

FIG. 7 is a perspective view of another embodiment of the
cutting insert in accordance with the subject invention; and

FIGS. 8 and 9 are an end view and side view of another
modular drill.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 2 illustrates a perspective view of a modular drill very
similar to that illustrated in FIG. 1, with the exception that the
operative cutting edge 165 of the outboard insert 140 has a
diamond surface. For convenience, the reference numbers
will be incremented by 100 for comparable parts of FIG. 2
originally described with respect to FIG. 1.

The modular drill 110 includes a second outboard insert
135 identical to insert 140 For convenience; only insert 140
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will be described with the understanding that the same fea-
tures are applicable to insert 135.

The description of the perspective drawing of the modular
drill 110 shown in FIG. 2 will be further illustrated with the
end view found in FIG. 3 and the side view found in FIG. 4.

FIGS. 2-4 illustrate a modular drill 110 for machining
applications, whereby the modular drill 110 has a generally
cylindrical body or shank 115 with a peripheral wall 117
about a central longitudinal axis 120. The body 112 has an
upper end 113.

The modular drill 110 includes a centrally located pilot
drill 130 protruding from the upper end 113 along the longi-
tudinal axis 120. At least two cutting inserts 135, 140 are
mounted upon the body 112 at the upper end 113, wherein
each cutting insert, for example, insert 140, includes a top
surface 170, a bottom surface 175, and a plurality of sides
180a, 1805, 180c¢ therebetween with cutting edges 165, 167,
169 defined at the intersection of the top surface 170 and the
side surfaces 180a, 1805, 180c¢ respectively. It should be
appreciated that, with respect to insert 140, it is possible to
have three cutting edges 165, 167, 169 are illustrated, how-
ever; in at least one embodiment of the subject invention it is
possible for the cutting insert 140 to include only a single
cutting edge 165.

Additionally, it should also be noted that, while reference
has been made to cutting edge 165, the insert 140 is known as
a trigon and, while the discussion is directed to a single
cutting edge 165, it should be appreciated that this single
cutting edge 165 is comprised of cutting edge segment 165a
and cutting edge segment 16554, which are angled relative to
one another and together engage the workpiece together dur-
ing a machining operation. As can be seen in FIGS. 2, 3, and
4, the cutting edge 165 from insert 140 protrudes axially from
the upper end 113 of the body 112 and is operative to engage
a work piece. This feature is best illustrated in FIG. 4.

As best illustrated in FIGS. 2-4, the operative cutting edge
165 of insert 140 and the matching cutting edge 177 associ-
ated with insert 135 extend in a radial direction such that
when viewed along the central longitudinal axis 120, as seen
in FIG. 3, the operative cutting edges 165, 177 completely
overlap the radial distance R extending from the central pilot
drill 130 to the peripheral wall 117. This is achieved by
staggering the radial distances ofthe inserts 135, 140 from the
central longitudinal axis 120. In particular, as seen in FIG. 4,
the center 142 ofinsert 140 is located at a distance R1 from the
centerline 120 while the center 137 of insert 135 is located at
a radial distance of R2 from the central longitudinal axis 120
and these radial distances are different to provide the above-
mentioned overlap.

The inventors have learned that the drill performance when
either fiberglass or titanium is the workpiece is greatly
enhanced when the operative cutting edges 165, 177 of the
cutting insert 135, 140 have a diamond surface. Under these
circumstances, it is acceptable for the central pilot drill 130 to
be made of a non-diamond material such as cemented carbide
and, as a result, superior performance can be achieved with-
outthe need to provide a diamond surface on the cutting edges
of the central pilot drill 130.

There are at least two common ways in which the cutting
edges 165, 177 of the cutting inserts 140, 145 can have a
diamond surface.

FIGS. 5 and 6, which illustrate the insert, used in FIGS.
2-4, shows in more detail insert 140 which has a full face
diamond layer 190 and the operative cutting edge 165 is
integral with this fall face diamond layer 190. The drill face
diamond layer 190 may be mounted upon a base 192 of any
materials sufficient to support the diamond layer 190. The
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base 192 may be made of a cemented carbide material. Full
face diamond layer inserts are commercially available
through Kennametal Inc. as grade KD 1425 as segmented or
Style CCGW-S or TPGW-E/F (ST) and this same technology
is used to apply full face diamond layers to the inserts asso-
ciated with the subject invention. The insert shapes may be
trigon, square, triangle, rectangle, circular or others. The
trigon is illustrated in FIG. 7.

In a preferred embodiment, the diamond layer 190 is poly-
crystalline diamond.

FIG. 7 illustrates an alternate embodiment of a cutting
insert 240 once again having an operative cutting edge 265
with a diamond surface similar to that of insert 140 illustrated
in FIG. 5. However, this diamond surface is now achieved
utilizing a diamond tip 295 brazed within the pocket 297
within the substrate 299 of the insert 240. Such inserts are
commercially available through Kennametal Inc. as Grade
KD 1425 Style SPHX and even though this particular insert is
an 80 degree diamond shaped insert, the same technology
may be applied to other shapes, such as the trigon illustrated
in FIG. 7.

Briefly returning to FIG. 2, in one embodiment of the
subject invention, the outboard inserts 135, 140 have opera-
tive cutting edges 165, 177 with diamond surfaces, while the
central pilot drill 130 is made entirely of a cemented carbide
substrate. As the modular drill 110 rotates against the work-
piece, the tangential velocity of the operative cutting edges
165, 177 is much greater than the tangential velocity of the
central pilot drill 130 and the amount of material removed by
the outboard inserts 135, 140 is much greater than that mate-
rial removed by the central pilot drill 130. Therefore, the
operating conditions for the central pilot drill 130 are much
less harsh than those conditions for the outboard insert 135,
140. Therefore, the central pilot drill 130 does not need to be
as robust as the outboard inserts 135, 140. As a result, in one
embodiment of the subject invention, the central pilot drill
130 may be made entirely of a cemented carbide substrate,
while the outboard inserts 135, 140 may have cutting edges
165, 177 with a diamond surface. This configuration provides
the benefit of the diamond cutting edges 165, 177 where they
are needed most and permits a reduction in cost by maintain-
ing the central pilot drill 130 as a cemented carbide substrate
which has a significantly lower cost than the cutting inserts
having cutting edges with diamond surfaces.

As illustrated in FIG. 2, insert 140 has sides 180a, 1805,
180¢ and typically, these sides are identical such that the
cutting insert 140 may be indexed within the pocket 145 to
provide fresh cutting edges to the workpiece. In particular,
hold-down screw 160 is removed and the insert 140 is reori-
ented within the pocket 145 to provide a fresh cutting edge
and thereafter secured within the pocket 145 by tightening the
hold-down screw 160. It should be noted that, while cutting
insert 140 is shown with a hold-down screw 160, it is not
necessary for the insert 140 to be secured using a hold-down
screw 160 and the bore through which the hold-down screw
160 extends may be eliminated and other methods of securing
the insert 140 within the pocket 145, such as a standard clamp,
may also be utilized. Additionally, the benefits of the subject
invention exist whether or not the insert 140 is indexable.
However, having an indexable insert 140 improves the effi-
ciency of the tool.

In a further embodiment of the subject invention, the out-
board inserts 135, 140 include indicia 137a, 1375, 137¢ iden-
tifying the respective cutting edges 180a, 1805, 180c.

As indicated in FIG. 5, the indicia 137a, 137h, 137¢ are
located on the top of the insert 140 where they are clearly
visible during a machining operation. In the past these indicia
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have been located in other areas such as on the sides 180a,
1805, 180c. However, when this occurs, it is much more
difficult for an operator to see such indicia and, therefore,
such markings are not as useful. It is preferred that the indicia
137a, 137b, 137¢ be located as close to the cutting edges
180a, 1805, 180c¢ as possible and preferably, on the rake
surface 184a, 1845, 184c as close as possible to and centrally
located on the cutting edges 165, 167, 169 while indicia
located on the sides 180a, 1805, 180¢ of the insert are still
useful, indicia 1374, 1375, 137¢ indicia on the top 142 are
preferred.

As illustrated in FIG. 5, the indicia 137a, 13756, 137¢ are
numerals. However, any symbols that make identification of
the cutting edges distinguishable may be utilized including
numbers, letters, or symbols.

Of particular interest, in order to place indicia 1374, 1375,
137¢ upon the full face diamond layer 190, it is necessary to
laser etch this indicia 1374, 1376, 137cupon the surface of the
diamond layer 190. The inventors have observed that, due to
the harsh operating conditions the inserts 135, 140 experi-
ence, indicia deposited utilizing inkjet printing is not suffi-
cient, and therefore, laser etching is necessary. The combina-
tion of laser etching indicia on the top surface of the insert 140
has not only provided durability for the indicia marking, but
furthermore, has assisted the operator in identifying the
respective cutting edges such that indexing the cutting insert
to a fresh cutting edge has been made easier.

Briefly returning to FIGS. 2-4, it should be apparent that
the cutting inserts 135, 140 are positioned about the pilot drill
130 along lines that form symmetric angles about the longi-
tudinal axis 120. The radial locations of cutting inserts 125,
135, 140 are staggered such that the cumulative coverage of
the cutting inserts 135, 140 cover the perimeter of the central
pilot drill 130 to the periphery 117 of the body 112. This
symmetric arrangement assists in balancing of this rotating
tool.

What has been discussed so far is a modular drill 110
having two outboard inserts 135, 140 positioned about a
central pilot drill 130, wherein each of these inserts 135, 140
has a trigon shape. The features of this invention are not
limited to such a design and may be applicable to modular
drills having additional inserts.

FIGS. 8 and 9 illustrate a modular drill 310 having a shank
315 about a central longitudinal axis 320. The modular drill
310 has a body 312 with a front end 325 having a central pilot
drill 330 attached thereto. The features of modular drill 310
are similar to that of modular drill 110 with the exception that
there are multiple outboard inserts 335a, 3355 and 340a,
3405 located about the central pilot drill 330. Just as with
respect to the embodiment of modular drill 110, the outboard
inserts 335a, 3356 and 340q, 3405 may have cutting edges
337a, 337b, 342a, 3425 with diamond surfaces just as those
previously discussed inserts 135, 140. Of particular note,
however, the cutting inserts 3354, 3355 and 3404, 3405 could
have a generally rectangular, square, or trigon shape. Aside
from their rectangular shape, the manner in which these
inserts 335a, 3355, 340a, 3405 may be secured within the
pocket of the modular drill 310 are similar to those techniques
previously discussed. Additionally, the manner by which the
cutting edges 337a, 337, 3424, 3425 may be a diamond
surface are similar to those manners previously discussed
with respect to cutting inserts 135, 140.

While the cutting inserts 335a, 3355, 3404, 3405 have been
illustrated as rectangular, it should be appreciated that, for
different purposes, the modular drill 310 may have different
insert shapes including trigon, triangle, and square and a
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selection of the shape of these inserts is only a function of the
desired use for the particular modular drill.

It should again be appreciated that the cutting inserts 335a,
3355, 340a, 34056 are positioned about the pilot drill 320
along lines that form symmetric angles about the longitudinal
axis 320.

Also, once again, it should be appreciated that the radial
location of the inserts 335a, 33556, 340a, 3405 are staggered
such that the accumulative coverage of the cutting inserts
335a, 3355b, 340a, 3405 cover the entire radius from the
perimeter of the central pilot drill 330 to the periphery 317 of
the body 312.

The inventors expect this same drill to perform very favor-
ably when machining titanium and other difficult to machine
materials and, for that reason, this design provides a versatile
solution to machining a variety of hard-to-machine materials.

The subject invention is also directed to a method of
machining a workpiece; in particular, fiberglass or titanium,
whereby the subject invention is positioned adjacent to the
titanium or fiberglass workpiece and the modular drill is then
advanced into the workpiece to the desired depth.

While specific embodiments of the invention have been
described in detail, it will be appreciated by those skilled in
the art that various modifications and alternatives to those
details could be developed in light of the overall teachings of
the disclosure. The presently preferred embodiments
described herein are meant to be illustrative only and not
limiting as to the scope of the invention which is to be given
the full breadth of the appended claims and any and all
equivalents thereof.

The invention claimed is:

1. A modular drill for machining applications, wherein the
modular drill has a generally cylindrical body with peripheral
walls about a central longitudinal axis and with an upper end,
wherein the modular drill comprises:

a. a centrally located pilot drill protruding from the upper

end along the longitudinal axis;

b. at least two cutting inserts, wherein each cutting insert
has a top surface, a bottom surface and a plurality of
sides therebetween with a cutting edge defined at the
intersection of the top and side surfaces; wherein a cut-
ting edge from each insert protrudes axially from the
upper end of the body and is operative to engage a
workpiece;

c. wherein each operative cutting edge extends in a radial
direction such that, when viewed along the central axis
toward the upper end, the operative cutting edges com-
bine to completely overlap the radial distance extending
from the pilot drill to the peripheral walls;

d. wherein the pilot drill is made of a non-diamond mate-
rial;

e. wherein the operative cutting edge of each of the cutting
inserts has a diamond surface;

f. wherein a center of at least one of the cutting inserts is at
a first radial distance from the central longitudinal axis
and a center of at least one of the cutting inserts is at a
second radial distance from the central longitudinal axis
and the first radial distance is different from the second
radial distance; and

g. wherein the cutting inserts have a shape of a trigon.

2. The modular drill according to claim 1, wherein each
insert has a full face diamond layer thereupon and the opera-
tive cutting edge of each insert is integral with this diamond
layer.

3. The modular drill according to claim 2, wherein the
diamond layer is polycrystalline diamond.
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4. The modular drill according to claim 2, wherein each
insert has a diamond tip brazed thereupon and the operative
cutting edge of each insert is integral with this diamond tip.

5. The modular drill according to claim 1, wherein the
central pilot drill is made of a cemented carbide substrate.

6. The modular drill according to claim 1, wherein the
central pilot drill is made from coated cemented carbide.

7. The modular drill according to claim 1, wherein each
cutting insert has multiple cutting edges and the insert may be
indexed in the modular drill body to present different cutting
edges as the operative cutting edge.

8. The modular drill according to claim 7, wherein the
cutting inserts may have a shape of one from the group con-
sisting of trigon, rectangle, triangle, and square.

9. The modular drill according to claim 7, further including
indicia on the surface of each insert, wherein the indicia
identifies the cutting edges of the cutting inserts.

10. The modular drill according to claim 9, wherein the
indicia is located on the top of each insert.

11. The modular drill according to claim 10, wherein the
indicia is located on the rake surface on the top of each insert.

12. The modular drill according to claim 9, wherein the
indicia is located upon the side of each insert.

13. The modular drill according to claim 9, wherein the
indicia are numbers, letters or symbols.

14. The modular drill according to claim 13, wherein the
indicia is laser etched upon the surface of the cutting insert.

15. The modular drill according to claim 1, wherein the
cutting inserts positioned on either side of the pilot drill are
symmetric.

16. A modular drill for machining applications wherein the
modular drill has a generally cylindrical body with peripheral
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walls about a central longitudinal axis and with an upper end,
wherein the modular drill comprises:

a. a centrally located pilot drill protruding from the upper
end along the longitudinal axis,

b. at least two cutting inserts, wherein each cutting insert
has a top surface, a bottom surface and a plurality of
sides therebetween with a cutting edge defined at the
intersection of the top and side surfaces; wherein a cut-
ting edge from each insert protrudes axially from the
upper end of the body and is operative to engage a
workpiece;

c. wherein each operative cutting edge extends in a radial
direction such that, when viewed along the central axis
toward the upper end, the operative cutting edges com-
bine to completely overlap the radial distance extending
from the pilot drill to the peripheral walls,

d. wherein the pilot drill is made of a non-diamond mate-
rial; and

e. wherein the operative cutting edge of each of the cutting
inserts has a full face polycrystalline diamond layer
thereupon and the operative cutting edge of each insert is
integral with this diamond layer;

f. wherein the rake surface of each insert has indicia to
identify the cutting edges of the cutting insert;

g. wherein a center of at least one of the cutting inserts is at
a first radial distance from the central longitudinal axis
and a center of at least one of the cutting inserts is at a
second radial distance from the central longitudinal axis
and the first radial distance is different from the second
radial distance; and

h. wherein the cutting inserts have a shape of a trigon.
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